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High-Voltage  Switchgear  and  Controlgear  Sectional  Committee,  ETD  08 


NATIONAL  FOREWORD 

This  Indian  Standard  (Part  207)  which  is  identical  with  lEC  62271  -207  :  2007  'High-voltage  switchgear 
and  controlgear  -  Part  207:  Seismic  qualification  for  gas-insulated  switchgear  assemblies  for  rated 
voltages  above  52  kV  issued  by  the  International  Electrotechnical  Commission  (lEC)  was  adopted 
by  the  Bureau  of  Indian  Standards  on  the  recommendation  of  the  High-Voltage  Switchgear  and 
Controlgear  Sectional  Committee  and  approval  of  the  Electrotechnical  Division  Council. 

The  text  of  lEC  Standard  has  been  approved  as  suitable  for  publication  as  an  Indian  Standard  without 
deviations.  Certain  conventions  are,  however,  not  identical  to  those  used  in  Indian  Standards.  Attention 
is  particularly  drawn  to  the  following: 


a)  Wherever  the  words  'International  Standard'  appear  referring  to  this  standard,  they  should  be 
read  as  'Indian  Standard'. 

b)  Comma  (,)  has  been  used  as  a  decimal  marker,  while  in  Indian  Standards  the  current  practice 
is  to  use  a  point  (.)  as  the  decimal  marker. 

In  this  adopted  standard,  reference  appears  to  certain  International  Standards  for  which  Indian 
Standards  also  exist.  The  corresponding  Indian  Standards  which  are  to  be  substituted  in  their  respective 
places  are  listed  below  along  with  their  degree  of  equivalence  for  the  editions  indicated: 


International  Standard 

lEC  60694^'  Common  specifications 
for  high-voltage  switchgear  and 
controlgear  standards 

lEC  62271-203  High-voltage 
switchgear  and  controlgear  —  Part 
203:  Gas-insulated  metal-enclosed 
switchgear  for  rated  voltage  above 
52  kV 


Corresponding  Indian  Standard 

IS  12729  :  2004  Common 
specifications  for  high-voltage 
switchgear  and  controlgear  standards 
{first  revision) 

IS/IEC  62271  -203  :  2003  High-voltage 
switchgear  and  controlgear:  Part  203 
Gas-insulated  metal-enclosed 
switchgear  for  rated  voltage  above 
52  kV 


Degree  of  Equivalence 

Identical  to 
lEC  60694:  1996 


Identical  to 
lEC  62271 -203:  2003 


The  technical  committee  has  reviewed  the  provisions  of  the  following  International  Standards  referred 
in  this  adopted  standard  and  has  decided  that  they  are  acceptable  for  use  in  conjunction  with  this 
standard: 


International  Standard 
I  EC  60068-2-47 

lEC  60068-2-57 

lEC  60068-3-3:1991 


Title 

Environmental  testing  —  Part  2-47:  Test  — 
vibration,  impact  and  similar  dynamic  tests 

Environmental  testing  —  Part  2-57:  Tests  — 
history  method 

Environmental  testing  —  Part  3:    Guidance 
equipments 


Mounting  of  specimens  for 


Test  Ff:  Vibration  —  Time- 


Seismic  test  methods  for 


For  the  purpose  of  deciding  whether  a  particular  requirement  of  this  standard  is  complied  with,  the 
final  value,  observed  or  calculated  expressing  the  result  of  a  test,  shall  be  rounded  off  in  accordance 
with  IS  2  : 1 960  'Rules  for  rounding  off  numerical  values  {revised)'.  The  number  of  significant  places 
retained  in  the  rounded  off  value  should  be  the  same  as  that  of  the  specified  value  in  this  standard. 


''  Now  superseded  by  lEC  62271-1  :  2007,  which  is  being  adopted  as  an  Indian  Standard. 
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Indian  Standard 
HIGH-VOLTAGE  SWITCHGEAR  AND  CONTROLGEAR 

PART  207  SEISMIC  QUALIFICATION  FOR  GAS-INSULATED  SWITCHGEAR 
ASSEMBLIES  FOR  RATED  VOLTAGES  ABOVE  52  kV 

1  Scope  and  object 

This  International  Standard  applies  to  switchgear  assemblies  for  alternating  current  of  rated 
voltages  above  52  kV  for  indoor  and  outdoor  installations,  including  their  supporting  structure 
rigidly  connected  to  the  ground,  and  does  not  cover  the  seismic  qualification  of  live  tank 
circuit  breakers.  Switchgear  assemblies  do  have  typically  low  centers  of  gravity,  e.g.  gas- 
insulated  switchgear  (GIS). 

For  switchgear  with  higher  gravity  levels,  e.g.  live  tank  circuit  breakers,  the  lEC  62271-300  is 
applicable. 

Where  switchgear  assemblies  are  not  ground-mounted,  e.g.  in  a  building,  conditions  for 
applications  are  subject  to  agreement  between  users  and  manufacturers. 

The  seismic  qualification  of  the  switchgear  assemblies  takes  into  account  any  auxiliary  and 
control  equipment  either  directly  mounted  or  as  a  separate  structure. 

This  standard  provides  procedures  to  seismically  qualify  ground-mounted  switchgear 
assemblies  for  rated  voltages  above  52  kV. 

The  seismic  qualification  of  the  switchgear  assemblies  is  only  performed  upon  request. 

This  standard  specifies  seismic  severity  levels  and  gives  a  choice  of  methods  that  may  be 
applied  to  demonstrate  the  performance  of  high-voltage  switchgear  assemblies  for  which 
seismic  qualification  is  required. 

The  final  seismic  analysis  shall  be  performed  by  assuming  that  the  switchgear  is  installed  on 
firm  ground. 

2  Normative  references 

The  following  referenced  documents  are  indispensable  for  the  application  of  this  document. 
For  dated  references,  only  the  edition  cited  applies.  For  undated  references,  the  latest  edition 
of  the  referenced  document  (including  any  amendments)  applies. 

lEC  60068-2-47,  Environmental  testing  -  Part  2-47:  Test  -  Mounting  of  specimens  for 
vibration,  impact  and  similar  dynamic  tests 

I  EC  60068-2-57,  Environmental  testing  -  Part  2-57:  Tests  -  Test  Ff:  Vibration  -  Time-history 
method 

lEC  60068-3-3:1991,  Environmental  testing  -  Part  3:  Guidance  -  Seismic  test  methods  for 
equipments 
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I  EC  62271-203,  High-voltage  switchgear  and  controlgear  -  Part  203:  Gas-insulated  metal- 
enclosed  switchgear  for  rated  voltages  above  52  kV 

lEC  60694,  Common  specifications  for  high-voltage  switchgear  and  controlgear  standards 

3  Terms  and  definitions 

For  the  purposes  of  this  document,  the  terms  and  definitions  in  lEC  60068-3-3, 
lEC  62271-203  and  lEC  60694  apply. 

4  Seismic  qualification  requirements 

4.1  General 

The  seismic  qualification  shall  demonstrate  the  ability  of  the  switchgear  assemblies  to 
withstand  seismic  stress. 

No  failure  on  the  main  circuits,  the  control  and  auxiliary  circuit,  including  the  relevant 
mounting  structures,  shall  occur. 

Permanent  deformations  are  acceptable  provided  that  they  do  not  impair  the  functionality  of 
the  equipment.  The  equipment  shall  properly  operate  after  the  seismic  event  as  defined  in  8.2 
and  8.3. 

NOTE   In  the  USA  the  evaluation  of  the  seismic  qualifications  is  conducted  according  to  IEEE  693. 

4.2  Preliminary  analysis 

4.2.1  Selection  of  the  representative  test-set 

Due  to  practical  reasons  concerned  with  the  available  experimental  facilities,  the  seismic 
qualification  of  switchgear  assemblies  can  require  the  definition  and  the  choice  of  different 
sub-sets  which  still  meaningfully  represent  the  whole  system  for  the  purpose  of  structural  and 
functional  checks. 

Such  test-sets  shall  include  the  switching  devices  with  their  relevant  operating  mechanism 
and  control  equipment,  and  their  electrical  and  mechanical  interfaces. 

It  is  recommended 

-  to  test  generic  components;  to  test  the  worst  case  components,  such  as  those  with  the 
highest  load  and  center  of  gravity. 

-  to  identify  the  dynamic  behaviour  of  the  plant  (natural  frequencies  and  damping  ratios) 
through  the  experimental  activities  of  Annex  A. 

4.2.2  Mathematical  model  of  the  test-set 

On  the  basis  of  technical  information  concerning  the  design  characteristics  of  the  substation, 
a  three-dimensional  model  of  the  test-set  shall  be  created.  Such  a  model  shall  take  into 
consideration  the  presence  of  actual  compartments  and  of  their  supporting  structures,  and 
shall  have  sufficient  sensitivity  to  describe  the  dynamic  behaviour  of  the  test-set  in  the 
frequency  range  being  studied. 
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5     Severities 

The  severity  levels  shall  be  chosen  from  Table  1. 

Table  1  -  Seismic  qualification  levels  for  switchgear  assemblies  - 

Horizontal  severities 


Qualification 
level 

Required  response 
spectrum  (RRS) 

Zero  period  acceleration 
(ZPA) 

m/s^ 

AF5 

Figure    1 

5 

AF3 

Figure   2 

3 

AF2 

Figure   3 

2 

For  vertical  severities  the  direction  factor  is  0,5  (see  lEC  60068-3-3). 

NOTE  1  Tiie  required  response  spectrum  of  qualification  level  AF5  covers  partly,  in  ttie  range  of  predominant 
seismic  frequency  of  1  Hz  to  35  Hz,  the  following  response  spectra:  Endesa,  Edeica,  USA/NRC  RG  1.60,  Newmark 
Design  Response  Spectra  (scaled  to  5  m/s^).  Noma  (5  m/s^  maximum  foundation  acceleration),  Dept.  of  Water  & 

Power  Los  Angeles,  San  Diego  SDG  &  E  Imperial  Substation. 

NOTE  2  Information  on  the  correlation  between  seismic  qualification  levels  and  different  seismic  scales  is  given  in 
lEC  60068-3-3. 

6     Qualification  by  test 

6.1  Introduction 

The  test  procedure  for  qualification  of  a  test-set  shall  be  in  accordance  with  lEC  60068-3-3. 

The  qualification  shall  be  carried  out  on  representative  test  sets,  as  described  in  4.2.1. 

If  the  auxiliary  and  control  equipment  or  other  parts  of  the  equipment  are  dynamically 
uncoupled,  they  may  be  qualified  independently. 

If  a  test-set  cannot  be  tested  with  its  supporting  structure  (e.g.,  due  to  its  size),  the  dynamic 
contribution  of  the  structure  shall  be  determined  by  analysis  and  accounted  for  in  the  test. 

The  time-history  test  method  is  to  be  preferred,  since  it  more  closely  simulates  actual 
conditions,  particularly  if  the  behaviour  of  the  test-set  is  not  linear.  The  test  method  shall  be  in 
accordance  with  lEC  60068-2-57. 

6.2  Mounting 

The  test-set  shall  be  mounted  as  in  service  including  dampers  (if  any). 

The  horizontal  orientation  of  the  test-set  shall  be  in  the  direction  of  excitation  acting  along  its 
two  main  orthogonal  axes. 


Any  fixtures  or  connections  required  only  for  testing  shall  not  affect  the  dynamic  behaviour  of 
the  test-set. 
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The  method  of  mounting  of  the  test-set  shall  be  documented  and  shall  include  a  description  of 
any  interposing  fixtures  and  connections  (see  lEC  60068-2-47). 

6.3  Measurements 

Measurements  shall  be  performed  in  accordance  with  lEC  60068-3-3  and  shall  include 

-  vibration    motion    of   components    where    maximum    deflections    and    significant    relative 
displacements  are  expected; 

-  strains  on  critical  elements  (e.g.  bushings,  flanges,  enclosures  and  support  structures). 

6.4  Frequency  range 

The  frequency  range  shall  be  0,5  Hz  to  35  Hz.  The  frequency  range  is  applied  to  the  resonant 
frequency  search  test  and  the  generation  of  artificial  earthquake  wave. 

6.5  Test  severity 

6.5.1  General 

The  test  severity  shall  be  chosen  in  accordance  with  Clause  5. 

The  recommended  required  response  spectra  are  given  in  Figures  1  to  3  for  the  different 
seismic  qualification  levels.  The  curves  relate  to  2  %,  5  %,  10  %  and  20  %  or  more  damping 
ratio  of  the  switchgear  assemblies.  If  damping  factor  is  unknown,  2  %  damping  is  applied. 

Spectra  for  different  damping  values  may  be  obtained  by  linear  interpolation. 

6.5.2  Parameters  for  time-history  excitation 

The  total  duration  of  the  time-history  shall  be  about  30  s,  of  which  the  strong  part  shall  be  not 
less  than  6  s.  The  strong  part  is  the  section  of  the  time  history  with  the  highest  accelerations. 

6.6  Testing 

6.6.1  Test  directions 

The  test  directions  shall  be  chosen  according  to  lEC  60068-3-3. 

In  some  cases,  the  effect  of  the  vertical  acceleration  results  in  negligible  stresses  and  the 
vertical  excitation  may  be  omitted.  In  such  cases  justification  for  the  omission  of  the  vertical 
component  shall  be  provided. 

6.6.2  Test  sequence 
6.6.2.1         General 

The  test  sequence  shall  be  as  follows: 

-  functional  checks  before  testing; 

-  vibration  response  investigation  (required  to  determine  critical  frequencies  and  damping 
ratios  and/or  for  analysis); 

-  seismic  qualification  test; 
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-  functional  checks  after  testing. 

6.6.2.2  Functional  checks 

Before  and  after  tine  tests,  tine  following  operating  characteristics  or  settings  shall  be  recorded 
or  evaluated  (when  applicable)  at  the  rated  supply  voltage  and  operating  pressure: 

a)  closing  time; 

b)  opening  time; 

c)  time  spread  between  units  of  one  pole; 

d)  time  spread  between  poles  (if  multipole  tested); 

e)  gas  and/or  liquid  tightness; 

f)  resistance  measurement  of  the  main  current  path. 

6.6.2.3  Vibration  response  investigation 

The    resonant   frequency    search    test,    damping    measurement    test    shall    be    carried    out 
according  to  lEC  60068-3-3  over  the  frequency  range  stated  in  6.5. 

6.6.2.4  Seismic  qualification  test 

The  test  shall  be  performed  by  applying  one  of  the  procedures  stated  in  the  flow  charts  of 
Appendix  A  of  lEC  60068-3-3,  depending  on  the  test  facilities. 

The  test  shall  be  performed  once  at  the  level  chosen  in  Clause  5. 

During  the  seismic  test  the  following  parameters  shall  be  recorded: 

-  strains  on  critical  elements  (e.g.  bushings,  flanges,  enclosures  and  support  structures); 

-  deflection  of  components  where  significant  displacements  are  expected; 

-  electrical  continuity  of  the  main  circuit  (if  applicable); 

-  electrical  continuity  of  the  auxiliary  and  control  circuit  at  the  rated  voltage; 

-  acceleration. 

7     Qualification  by  combined  test  and  numerical  analysis 

7.1       Introduction 

The  method  may  be  used 

-  to  qualify  switchgear  assemblies  already  tested  under  different  seismic  conditions; 

-  to  qualify  switchgear  assemblies  similar  to  assemblies  already  tested  but  which  include 
modifications  influencing  the  dynamic  behaviour  (e.g.  change  in  the  arrangement  of  the 
assemblies,  or  in  the  mass  of  components); 

-  to  qualify  switchgear  assemblies  if  their  vibrational  and  functional  data  are  l<nown; 

-  to  qualify  switchgear  assemblies  which  cannot  be  qualified  by  testing  alone  (e.g.  because 
of  their  size  and/or  complexity). 
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7.2  Vibrational  and  functional  data 

Vibrational  data  (damping  ratios,  criticai  frequencies,  stresses  of  critical  eiements  as  a 
function  of  input  acceieration)  for  analysis  shall  be  obtained  by  one  of  the  following: 

a)  a  dynamic  test  of  a  similar  test-set; 

b)  a  dynamic  test  at  reduced  test  levels; 

c)  determination  of  critical  frequencies  and  damping  ratios  by  other  tests  such  as  free 
oscillation  tests  or  low  level  excitation  (see  Annex  A). 

Functional  data  may  be  obtained  from  a  previous  test  performed  on  a  similar  test-set. 

7.3  Numerical  analysis 

7.3.1  General 

The  general  procedure  is  as  follows: 

a)  to  establish,  using  experimental  data  stated  in  7.2,  a  mathematical  model  of  switchgear 
assemblies  in  order  to  assess  their  dynamic  characteristics.  Considering  the  modularity  of 
switchgear  assemblies,  the  mathematical  model  implemented  and  calibrated  for  the  test- 
set  may  be  extended  to  a  complete  substation,  provided  that  the  right  adaptations,  related 
to  the  structural  differences  existing  for  the  different  modules,  are  considered; 

b)  to  calibrate  the  mathematical  model  by  taking  into  account  the  non-linearities  of  the 
dynamic  response  of  the  test-set  assessed  during  the  experimental  activity  described  in 
Annex  A; 

c)  to  determine  the  response,  in  the  frequency  range  stated  in  6.5,  using  either  of  the 
methods  described  in  the  following  subclauses,  but  other  methods  may  be  used  if  they  are 
properly  justified. 

7.3.2  Numerical  analysis  by  the  acceleration  time-history  method 

When  the  seismic  analysis  is  carried  out  by  the  time-history  method,  the  ground  motion 
acceleration  time-histories  shall  comply  with  the  RRS  (see  Table  1).  Two  types  of 
superimposition  may  generally  be  applied  depending  on  the  complexity  of  the  analysis: 

a)  separate  calculation  of  the  maximum  responses  due  to  each  of  the  three  components  (x 
and  y  in  the  horizontal,  and  z  in  the  vertical  direction)  of  the  earthquake  motion.  The 
effects  of  each  single  horizontal  direction  and  the  vertical  direction  shall  be  combined  by 
taking  the  square  root  of  the  sum  of  the  squares,  i.e.  (x^  +  z2)''/2  and  (y2+z2)i/2  jhe 
greater  of  these  two  values  is  used  for  dimensioning  the  switchgear  assemblies; 

b)  simultaneous  calculation  of  the  maximum  responses  assuming  one  of  the  seismic 
horizontal  directions  and  the  vertical  direction  (x  with  z)  and  thereafter  calculation  with  the 
other  horizontal  direction  and  the  vertical  direction  {y  with  z).  This  means  that  after  each 
time  step  of  the  calculation  all  values  (forces,  stresses)  are  superimposed  algebraically. 
The  greater  of  these  two  values  is  used  for  dimensioning  the  switchgear  assemblies. 
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7.3.3  Modal  and  spectrum  analysis  using  the  required  response  spectrum  (RRS) 

When  the  response  spectra  method  is  used  for  seismic  anaiysis,  the  procedure  of  combining 
the  stresses  shaii  be  hereinafter  described  for  an  orthogonai  system  of  coordinates  in  the 
main  axes  of  the  switchgear  assembiies  and  with  x  and  y  in  the  horizontai  and  z  in  the  verticai 
direction.  The  maximum  vaiues  of  stresses  in  the  switchgear  assembiies  for  each  of  the  three 
directions  x,  y  and  z  are  obtained  by  superimposing  the  stresses  caicuiated  for  the  various 
modai  frequencies  in  each  of  these  directions  by  tal<ing  the  square  root  of  the  sum  of  the 
squares.  The  maximum  vaiues  in  the  x  and  z  direction,  and  in  the  y  and  z  direction,  are 
combined  by  taking  the  square  root  of  the  sum  of  the  squares.  The  greater  vaiue  of  these  two 
cases  (x,  z)  or  (y,  z)  is  the  dimensioning  factor  for  the  switchgear  assembiies. 

7.3.4  Static  coefficient  analysis 

For  rigid  equipment  static  anaiysis  shaii  be  appiied  (the  iowest  resonant  frequency  of 
equipment  is  greater  than  35  Hz.)  It  may  aiso  be  used  for  fiexibie  equipment,  as  an 
alternative  method  of  anaiysis;  this  aiiows  a  simpler  technique  in  return  for  added 
conservatism.  No  determination  of  natural  frequencies  is  made  but,  rather,  the  response 
spectrum  of  the  switchgear  assemblies  is  assumed  to  be  the  peak  of  the  required  response 
spectrum  at  a  conservative  and  justifiable  value  of  damping.  The  coefficient  1.5  shall  only  be 
applied  to  static  coefficient  analysis. 

The  seismic  forces  on  each  part  of  the  switchgear  assemblies  are  obtained  by  multiplying  the 
values  of  the  mass,  concentrated  at  its  centre  of  gravity,  and  the  acceleration. 

The  resulting  force  shall  be  distributed  proportionally  to  the  mass  distribution. 

The  stress  analysis  may  then  be  completed  as  stated  in  8.1. 

8     Evaluation  of  the  seismic  qualification 

8.1       Combination  of  stresses 

The  seismic  stresses  determined  by  test  or  analysis  shall  be  combined  algebraically  with 
other  service  loads  to  determine  the  total  withstand  capability  of  the  switchgear  assemblies. 

The  probability  of  an  earthquake  of  the  recommended  seismic  qualification  level  occurring 
during  the  life-time  of  the  switchgear  assemblies  is  low,  whilst  the  maximum  seismic  load  in  a 
natural  earthquake  would  only  occur  if  the  switchgear  assemblies  were  excited  at  their  critical 
frequencies  with  maximum  acceleration.  As  this  will  last  only  a  few  seconds,  a  combination  of 
the  utmost  electrical  and  environmental  service  loads  leads  to  unrealistic  conservatism. 

The  following  loads  may  be  considered  to  occur  additionally,  if  not  otherwise  specified: 

-  rated  internal  pressure; 

-  permanent  loads  (dead  loads); 

-  thermal  effects. 

The  combination  of  loads  shall  be  effected  by  static  analysis,  applying  the  forces  in  the 
direction  they  occur. 
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8.2  Acceptance  criteria  of  thie  seismic  test 

The  seismic  simulation  waveform  sinaii  produce  a  test  response  spectrum  winicin  envelopes 
tine  required  response  spectrum  (calculated  at  the  same  damping  ratio)  and  have  a  peak 
acceleration  equal  to  or  greater  than  the  zero  period  acceleration.  Details  on  the  acceptance 
criteria  for  the  seismic  tests  are  given  in  lEC  60068-2-57. 

8.3  Functional  evaluation  of  the  test  results 

Functional  results  are  normally  obtained  only  by  dynamic  tests.  These  results  may  be 
extrapolated  to  obtain  qualification  by  combination  of  tests  and  analysis.  In  particular, 

a)  the  main  contacts  shall  remain  in  open  or  closed  position  during  the  seismic  test; 

b)  chatter  of  relays  shall  not  cause  the  switching  devices  to  operate; 

c)  chatter  of  relays  shall   not  provide  wrong   information   of  the  status  of  the  switchgear 
assemblies  (position,  alarm  signals); 

NOTE     Normally,  chatter  of  relays  lasting  less  than  5  ms  is  considered  to  be  acceptable. 

d)  resetting    of    monitoring    equipment    is    considered    to    be    acceptable    if    the    overall 
performance  of  the  switchgear  assemblies  is  not  affected; 

e)  no  significant  change  shall  occur  in  functional  check  recordings  at  the  end  of  the  test 
sequence  compared  with  the  initial  ones  (see  6.6.2.2); 

f)  no  cracking  or  buckling  shall  be  found  on  the  equipment  and  equipment  supports. 

8.4  Allowable  stresses 

Seismic  verification  of  mechanical  and  electrical  equipment,  as  well  as  the  design  of  their 
supporting  structures,  shall  be  done  on  the  basis  of  allowable  stresses  or  extreme  limits 
verification  concept  depending  on  local  rules. 

The  total  stresses  of  components  made  of  material  with  verifiable  yield  point,  due  to  the 
combination  loads  as  described  in  8.1,  shall  not  exceed  100  %  of  yield  strength  of  the 
material. 

NOTE  1  The  limit  values  are  depending  on  the  used  materials  and  defined  in  national  and  regional  (e.g. 
Eurocode)  regulation. 

NOTE  2  If  the  values  resulting  from  the  analysis  show  safety  margins  lower  than  the  reference  ones,  an  additional 
analysis  performed  by  considering  the  effects  of  the  ground  on  the  dynamic  behaviour  of  the  substation  may  be 
carried  out. 

9      Documentation 

9.1  Information  for  seismic  qualification 

The  following  information  is  required  for  either  analysis  or  testing  of  the  switchgear 
assemblies: 

a)  severity  (see  Clause  5); 

b)  details  of  structure  and  mounting  (see  6.1  and  6.2); 

c)  number  and  relative  position  of  testing  axes  (see  6.2). 

9.2  Test  report 

The  test  report  shall  contain  the  following  items: 
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a)  switchgear  assemblies  identification  file  including  structure  and  mounting  details; 

b)  information  for  seismic  qualification; 

c)  test  facility 

1)  location, 

2)  test  equipment  description  and  calibration; 

d)  test  method  and  procedures; 

e)  test  data  including  functional  data  (see  6.6.2.2,  and  7.2); 

f)  results  and  conclusions; 

g)  approved  signature  and  date. 

9.3       Analysis  report 

Analysis,  which  is  included  as  a  proof  of  performance,  shall  have  a  step-by-step  presentation. 
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NOTE  1     According  to  lEC  60068-3-3,  the  value  of  g  is  rounded  up  to  the  nearest  unity,  that  is  10  m/s  . 
NOTE  2     According  to  lEC  60068-2-57,  RRS  are  represented  in  the  recommended  shape  of  generalized  form. 

Figure  1  -  RRS  for  ground-mounted  switchgear  assemblies  - 
Qualification  level:  AF5;  ZPA  =  5  m/s^  (0,5  g) 
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NOTE  1     According  to  lEC  60068-3-3,  the  value  of  g  is  rounded  up  to  the  nearest  unity,  that  is  10  m/s  . 
NOTE  2     According  to  lEC  60068-2-57,  RRS  are  represented  in  the  recommended  shape  of  generalized  form. 

Figure  2  -  RRS  for  ground-mounted  switchgear  assemblies  - 
Qualification  level:  AF3;  ZPA  =  3  m/s^  (0,3  g) 
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NOTE  1     According  to  lEC  60068-3-3,  the  value  of  g  is  rounded  up  to  the  nearest  unity,  that  is  10  m/s  . 
NOTE  2     According  to  lEC  60068-2-57,  RRS  are  represented  in  the  recommended  shape  of  generalized  form. 

Figure  3  -  RRS  for  ground-mounted  switchgear  assemblies  - 
Qualification  level:  AF2;  ZPA  =  2  m/s^  (0,2  g) 
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Annex  A 

(normative) 

Characterization  of  the  test-set 


A.1       Low-level  excitation 

A.1.1        General 

The  method  exploits  the  application  of  a  low-level  excitation  of  the  test-set  for  the 
determination  of  its  natural  response. 

A.1.2        Test  method 

When  portable  exciter  is  used,  experimenters  must  pay  attention  to  the  influence  of  the  weight 
of  portable  exciters.  With  the  test-set  mounted  to  simulate  the  recommended  service 
mounting  conditions,  a  number  of  portable  exciters  are  attached  at  the  points  on  the  test-set 
which  will  best  excite  its  various  modes  of  vibration. 

The  data  obtained  from  the  monitoring  instruments  placed  on  the  test-set  may  be  used  to 
analyse  its  dynamic  performance. 

A.1.3        Analysis 

The  frequency  responses  obtained  from  the  test  are  used  to  determine  the  modal  frequencies 
and  damping  ratios  which  shall  be  used  in  the  dynamic  analysis  of  the  test-set  stated  in 
Clause  7.  This  method  provides  a  greater  degree  of  certainty  in  analysis  since  the  analytical 
model  is  refined  to  reflect  the  measured  natural  frequencies  and  experimental  damping  ratios. 

A.2      Free  oscillation  test 

A.2.1        General 

Free  oscillation  tests  may  be  used  for  the  identification  of  the  dynamic  behaviour  of  a  test-set 
that  can  be  modelled  as  a  single  degree  of  freedom  system  (e.g.  the  bushings). 

A.2. 2        Natural  frequency  determination 

To  determine  the  natural  frequency  (first  vibration  mode)  the  test-set,  fully  arranged  for 
service,  shall  be  fixed  to  a  rigid  foundation  by  the  recommended  means. 

The  arbitrary  force  magnitude  shall  be  used  when  sufficient  measuring  deformation  is 
obtained. 

The  arbitrary  force  shall  be  applied  at  the  vicinity  of  gravity  centre  or  at  any  place  where  the 
sufficient  measuring  deformation  is  obtained  (such  as  free  end  of  equipment). 
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A.2.3        Damping  ratio  determination 

To  determine  the  damping  ratio  of  tine  test-set,  tine  same  test  may  be  used  but,  in  tinis  case, 
tine  recording  of  tine  oscillations  shall  be  made  with  suitable  sensitivity  and  accuracy  to 
determine  the  logarithmic  decrement  of  the  oscillations  as  a  function  of  time.  The  equivalent 
damping  ratio  is  determined  using  the  monogram  of  Figure  A.1,  taken  from  the  sequence  of 
peaks  in  the  recorded  wave  in  that  range  of  the  record  in  which  the  logarithmic  decrement 
appears  most  clear. 

A.2.4        Special  cases  in  the  natural  frequency  and  damping  ratio  determination 

As  the  test-set  consists  of  different  elements,  each  one  susceptible  to  vibration,  the  tests  in 
A. 2. 2  and  A.2.3  shall  be  made  by  applying  tensile  force  around  the  centre  of  gravity  of  each  of 
the  several  masses  subject  to  vibration  and  simultaneously  recording  the  oscillation  of  those 
points  corresponding  to  the  greatest  amplitude,  while  attempting  to  detect  the  modes  of 
oscillation  in  the  arrangement.  In  such  cases,  it  is  possible  that  the  record  of  oscillations  in 
one  element  is  influenced  by  the  oscillations  of  some  other  element  with  a  similar  frequency, 
in  which  case  the  determination  shall  be  made  as  described  in  the  sketch  shown  at  the  top  of 
Figure  A.1. 
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Figure  A.1  -  Monogram  for  the  determination  of  equivalent  damping  ratio 
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Annex  B 

(informative) 

Criteria  for  seismic  adequacy  of  gas-insulated 
metal-enclosed  switchgear 


B.1       General 

B.1.1        Soil  and  building  structure  interaction 

Soil  and  building  structure  interaction  may  be  described  if  it  is  desirable  to  calculate  the  effect 
of  their  presence.  IVIeasures  that  may  be  taken  to  minimize  soil  and  building  structure 
interaction  are  as  follows: 

a)  lower  centre  of  gravity  of  equipment; 

b)  lightweight  equipment; 

c)  use  of  monolithic  foundations  or  buildings  meeting  seismic  requirements. 

B.1.2        Displacement  limitations 

Considerations  that  impose  displacement  limitations  on  equipment  may  be  described  as 
follows: 

a)  alignment  of  moving  parts; 

b)  leakage  of  insulating  gas; 

c)  impact  with  adjacent  equipment; 

d)  reduction  of  dielectric  spacing  and  damage  to  insulation; 

e)  interconnection  to  equipment  on  adjoining  foundations. 

B.2      Recommended  installation  provisions  and  practices 

B.2.1         Foundations 

It  is  recommended  that,  as  far  as  possible,  all  interconnected  equipment  be  placed  on  a 
monolithic  foundation  to  reduce  differential  movements  due  to  the  design  earthquake.  When 
interconnected  equipment  is  not  located  on  the  same  foundation,  then  the  expected 
differential  motions  between  equipment  due  to  foundation  motion  shall  be  provided. 

Consideration  may  be  given  to  soil  interaction  on  underground  conduits  entering  and  leaving 
through  the  foundations.  If  equipment  is  rigidly  coupled  to  structural  elements,  such  as  walls 
or  adjacent  floors,  the  element  response  and  relative  motion  may  be  taken  into  account. 

B.2. 2        Methods  for  anchoring  equipment  to  foundations 

It  is  strongly  recommended  that  large  equipment  and  equipment  with  large  dimensions 
between  anchor  locations  be  anchored  to  steel  members  imbedded  in  and  firmly  attached  to 
structural  elements  in  the  concrete.  Location  and  type  of  fixings  may  be  shown  on  the 
manufacturer's  drawing.  All  fixings  shall  be  adequate  for  forces  coming  from  a  design 
earthquake.  Exposed  fixings  may  have  a  protective  coating. 


16 


IS/IEC  62271-207: 2007 

If  bolts  are  used  to  anchor  equipment,  they  shall  be  either  cast  In  fresh  concrete  or  fixed  by 
means  of  well-tested  chemical  anchors  for  drilled  holes  In  hardened  concrete.  The  use  of 
bolts  or  anchors  that  are  placed  In  holes  drilled  in  hardened  concrete  is  not  recommended. 
Bolts  of  mild,  ductile  steel  are  preferred. 

Consideration  may  be  given  to  any  unequal  distribution  of  dynamic  earthquake  loading  on  the 
anchor  bolts  (due  to  bolt  hole  tolerance,  torque  load  or  non-contact  of  nut).  The  torque  value 
to  which  the  anchor  bolts  are  tightened,  their  size  and  location,  shall  be  shown  on  the 
construction  drawings.  In  addition,  the  strength  and  material  specifications  shall  be  provided. 

All  anchor  systems  shall  be  designed  to  accommodate  torsion,  shear  and  bending  and  axial 
loads  and  any  combination  thereof  that  is  experienced  during  the  design  earthquake.  Shear 
and  tensile  strength  of  that  portion  of  the  anchor  system  within  the  foundation  may  be  greater 
than  the  strength  of  the  bolt  attaching  to  the  equipment. 

NOTE     See  [1]  *. 

B.2.3        Interconnection  to  adjacent  equipment 

All  interconnections  between  structures  shall  be  adequate  to  accommodate  all  large  relative 
motions. 

Structurally  and  dynamically  dissimilar  structures  may  experience  large  relative  displace- 
ments. Leads  and  interconnections  shall  be  long  and  flexible  enough  to  allow  these 
displacements  to  occur  without  causing  damage.  Particular  attention  shall  be  paid  to  brittle 
non-ductile  parts  such  as  ceramic  bushings  and  insulators.  In  no  circumstances  shall 
electrical  or  structural  interconnections  abruptly  stiffen  leading  to  increased  motion  and  strain. 
Such  nonlinearities  develop  large  impact  forces.  Consideration  shall  be  given  to  the  resultant 
change  in  dynamic  characteristics  of  the  equipment  as  a  result  of  any  being  used  to  make 
interconnections  between  equipment. 

B.2.4        Use  of  bracings  on  switcligear  structure 

Stiffening  the  equipment  may  increase  some  of  its  natural  frequencies,  raising  them  out  of  the 
critical  range  of  earthquake  energy.  Diagonal  cross-bracing  and  axial  load-carrying  members 
can  be  used  to  stiffen  or  strengthen  equipment.  Where  bracing  is  employed,  particular 
attention  should  be  paid  to  the  following  aspects: 

a)  bolted  joints  are  recommended  throughout  the  structure  so  as  to  increase  the  effective 
damping  at  high  force  levels; 

b)  information  concerning  the  correct  torque  for  all  bolts  shall  be  supplied,  thus  ensuring  the 
assemblies  will  behave  dynamically  as  intended; 

c)  if  part  of  the  structure  is  to  be  supplied  by  the  user,  then  the  manufacturer  or  user,  or 
both,  shall  supply  the  necessary  information  so  that  the  static  and  dynamic  characteristics 
and  foundation  requirements  can  be  easily  determined. 


References  in  square  brackets  refer  to  the  bibliography. 
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The  following  basic  requirements  on  the  bracing  should  be  tal<en  into  account: 

I)  the   bracing   shall    be  substantially  stiffer  than   the  structure   it   reinforces   so  as  to   be 
effective; 

II)  the  bracing  shall  not  buckle  or  exhibit  a  sharply  nonlinear  behaviour.  In  particular,  any 
abrupt  stiffening  under  any  circumstance  is  to  be  avoided; 

ill)  permanent  deformation  in  the  bracing  after  a  design  earthquake  is  acceptable  provided 
that  it  does  not  impair  normal  functioning  of  the  GIS. 
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